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157] ABSTRACT

The chiral catalyst of general structure 1, or its enantio-
mer '
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is prepared by treating the corresponding N-carboxy
anhydride of structure 2
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with an aryl metal, especially a pheny] metal such as an
aryl magnesium halide, aryl lithium, aryl zinc or aryl
cesium, to form a 1,1-diaryl- methanol of structure 3
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followed by treatment with a compound of structure, 4

(Abstract continued on next page.)
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some cases superior to the catalyst wherein R 1s alkyl or

R | 4 aralkyl in directing the chirality of diborane, borane-
lla | dimethyl sulfide or borane-tetrahydrofuran reductions
o~ o of ketones to secondary alcohols.

The catalyst, wherein R is aromatic, is novel and in 4 Claims, No Drawings
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1

CHIRAL CATALYSTS FOR REDUCTION OF
KETONES AND PROCESS FOR THEIR
PREPARATION

RELATED APPLICATION

This 1s a division of application Ser. No. 07/730,316
filed Jul. 15, 1991, U.S. Pat. No. 5,189,177, which is a
continuation-in-part of our copending patent applica-
tion Ser. No. 510,768 filed Apr. 18, 1990, now U.S. Pat.
No. 5,039,802. '

BACKGROUND OF THE INVENTION

(S)-I,I-Diphenylprolinol the principal compound of
structure 3 1s 2 known compound and has been prepared
by a variety of processes, all involving a fully protected

pyrrolidine. See for example Enders et al., Org. Synth.,

Col. Vol. 3, 542-549; Corey et al., J. Amer. Chem. Soc.
1987, 109, 7926-7927; French Patent FR 3638M, 1965;
Kapfhammer, et al. Hoppe-Seylers Zeit. Physiol. Chem.

1933, 223, 43-52; German Patent DE 3609152A1, 1987,
Corey et al.,, J. Amer. Chem. Soc. 1987, 109 5551-5553;
J. Org. Chem. 1988, 53, 2861-2863; Enders et al., Bull
Soc. Chem. 1988, 97, 691-704. These prior art processes
involve multiple strips and rather low overall yields.

For example preparation of (S)-l,I-diphenylprolinal-

via the procedure described in the literature [Corey et.

al., J. Am. Chem. Soc. 1987, 109, 5551-5553] afforded a
30-40% overall yield of the amino-alcohol from (S)

proline. The process required multiple isolations [N-

(benzyloxycarbonyl)(S)-proline (solid, commerically
available), N-(benzyloxycarbonyl)-(S)-proline methyl
ester (viscous oil), and (8)-1,1-diphenylprolinol hydro-
chloride (solid, precipitated from diethyl ether), and
(S)-1,1-diphenylprolinol (solid recrystallized from wa-
ter/methanol)]. The Grignard addition to N-benzylox-
ycarbonyl)-(S)-proline methyl ester required a large
excess (8 equiv) of phenylmagnesium chloride. The
inital addition to form the-intermediate 1,1-diphenyl-
prolinol oxazolidinone occurs quickly at 0° C. The addi-
tion of phenylmagnesium chloride to the oxazolidinone
affording the desired product, however, is much slow-
er-requiring 12-18 hours at room temperature. Isolation
of the amino-alcohol from the large excess of magne-
sium salts also was a problem-requiring multiple extrac-
tions from a magnesium hydroxide gel. The resultant
product had an enantiomeric purity of 99:1 (S:R) by
capillary GC (DB-23) of the Mosher amide derivative.

MeOH
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-continued

PhMgB
Ph< THFr [_X‘

.Bn

OH

The methods reported for preparation of structure 1
(n=1, Ar=Ph, R=Me, R,R?=H), include reaction of

the corresponding prolinol with methylboronic acid

(1.1 equiv.) in toluene at 1) 23° C. in the presence of 4 A
molecular sieves for 1.5 hours or 2) at reflux for 3 hours
using a Dean-Stark trap for water removal; both fol-
lowed by evaporation of solvent, and molecular distilla-
tion (0.1 mm, 170° C.) (Corey et al., J. Amer. Chem Soc.,
1987 109, 7925-7926). An alternate method reported for
preparation of structure 1 (n=1, Ar=2-naphthyl,
R=Me, RIR2==H) involved heating a toluene solution
of the corresponding prolinol and methylboronic acid

- (1.2 equiv) at reflux for 10 hours using a Soxhlet extrac-

tor containing 4 A molecular sieves (Corey et al., Tetra-
hedron Lertt., 1989, 30, 6275-6278). The key to these
procedures-is irreversible removal of two molecules of
water, thus driving the reaction to completion. Chiral
reductions using oxazaborolidine prepared via these
methods provided erratic results with respect to yields
and enantiomeric purity of the reduction products.
Now, with the present invention there is provided a

novel improved procedure for preparation of the diaryl-

methanol 3; a novel improved method for the prepara-

tion of the oxazaborolidine catalyst, 1; and novel im-

proved catalysts.
SUMMARY OF THE INVENTION

This invention 1s concerned with a novel process for
preparing a diarylmethanol 3 especially a 1,1-diaryl-
prolinol, which comprises treating the corresponding
N-carboxy anhydride 2 with an aryl metal, especially a
phenyl metal, such as an aryl lithium, aryl zinc, aryl
cesium or aryl magnesium halide, especially the chlo-
ride:

RZ

The invention is also concerned with a process for

~ preparing a chiral catalyst 1 by treating the 1,1-diaryl-

methanol with a trisubstituted boroxine 4;
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~-continued
R 1

()n

| Ar

The invention is also concerned with the novel cata-
lyst 1, wherein R is an aromatic group, either unsubsti-
tuted or substituted.

The catalyst produced by the novel process of this

invention is useful for directing the chirality of reduc-
tions of ketones with boranes such as diborane, borane-
dimethyl sulfide, or borane-THF to chiral secondary
alcohols such as in the synthesis of a chiral intermediate
5 in the synthes:s of the known carbonic anhydrase
inhibitor 6 useful in the treatment of ocular hyperten-
sion and glaucoma.

DETAILED DESCRIPTION OF THE
| INVENTION

The novel process for preparation of the diaryime-
thanol 3 comprises reacting an N-carboxyanhydride 2

with an aryl Grignard reagent:
R!
VR f B
- )H o _ArMgHl "
//

0O

()n

wherein n is 1 or 2; R! and R? independently represent
hydrogen, C; 3alkyl or joined together represent with
the carbons to which they are attached a benzo group
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4
or a double bond; Ar is (1) 2-naphthyl, (2) phenyl, or (3)
phenyl substituted in the meta- and or para- positions
with one or more of (i) halo, such as fluoro or chloro,
(11) Ci4alkyl, (iii)) CF3 or (iv) Ci.salkoxy.

The N-carboxyanhydride, 2, is synthesized from the
corresponding amino acid such as (S)-proline in >95%
yield by reaction with phosgene, diphosgene or triphos-
gene in THF followed by addition of triethylamine and
filtration to remove the resultant triethylamine hydro-
chloride as described by Fuller et al., Biopolymers, 1976,
15, 1869~1871.

The novel process for converting the N-carboxyan-
hydride, 2, to the diarylmethanol, 3, comprises reacting
an ArMgHal preferably ArMgCl, Grignard reagent
with the N-carboxyanhydride in an ethereal solvent
such as THF, diethyl ether or 1,2-dimethoxyethane,
preferably THF at about —26° to 10° C. over a period
of about 2 to § hours. It is preferred to add the N-car-
boxyanhydride to the Grignard reagent slowly (about 1

L/hour) to provide maximum yield and minimum race-

mization. |

The diarylmethanol is isolated by slowly quenching
the reaction with aqueous acid, preferably dilute sulfu-
ric acid at about 0°-20° C.,, filtration to remove sulfate
salts, concentration to a small volume and filtration to
collect the sulfate salt of the diaryl methano! product 3
which can be further purified by washing with water
and ethyl acetate and dried.

The novel process of this invention for preparation of
the B-methyl oxazaborolidine catalyst (precursor) com-
prises reacting the diarylmethanol with a trimethyl-
boroxine:

—>
R2 Me O M¢”
OH
3 4
Rl
()n
: Ar
I{2 N E .

\ H Ar
B=—0O

/

Me

The process for the preparation of B-methylox-
azaborolidines comprises the reaction of trimethyl-
boroxine (0.67 to 1.0 equiv) with the diarylmethanol in
an organic solvent such as toluene, benzene, xylene,
chlorobenzene or the like at about 0° C. to 30° C. for
¢o about 0.5 to 4 hours until formation of the intermediate
7 1s complete. The solvent is partially evaporated fol-
lowed by multiple additions/concentrations of toluene
or benzene to ensure complete removal of water and the
methylboronic acid by product.

The novel intermediate of this invention has the
structural formula 7; wherein n, Ar, R! and R2 are as
previously defined. It is preferred that n be 1, Rland R2
be hydrogen, and that Ar be phenyl.
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The novel process of this invention for preparation of
the B-C;.4alkyl oxazaborolidine or B-aryl oxazaboroli-

10

dine catalyst (precursor) comprises reacting the diaryl

methano] with a boroxine:
R
| RI é
O 0”7 o |
| Ar | | | —9
> Ar + /B'\. ..-"BH.
R2 N H R O R
H OH
3 4
Rl
— ()
\ AT
\ H Ar
B=~-Q
/
R

wherein R is (1) Cj4alkyl, preferably. methyl, butyl, (2)

phenyl, (3) phenyl substituted with one or more of (i)
halo, such as fluoro or chloro, (ii) Ci.4alkyl, (iii) CF3, or
(1v) Cj.salkoxy.

The process comprises the reaction of a boroxine
(0.33 equiv) with the diarylmethanol in an organic sol-
vent such as toluene, benzene, xylene, chlorobenzene or
the like at about 0° C. to 30° C. for about 0.5 to 4 hours,
then at 80° C. to 150° C. for about 12 to 24 hours with
concurrent removal of water, using a Dean-Stark trap,
molecular sieves, or azeotropic distillation.

The novel catalyst of this invention has structural
formula 1; |

R! 1
{n
N\ Ar
R? N Z
\ H Ar
B=—0O
/
R

wherein n, Ar, R! and R? are as previously defined and
R is (1) phenyl, (2) phenyl substituted with one or more
of (1) halo, such as fluoro or ch]oro, (11) Ci4alkyl, (111)
- CF3, or (1v) Ci.4alkoxy.

It is preferred that n be 1, R!and R%be hydrogen, and

that Ar be phenyl. It 1s also preferred that R be phenyl
substituted with 4-fluoro or 4-C;4alkyl group, espe-

cially methyl.
Another aspect of the present 1nventlon is the prepa-

ration of compounds of the formulas
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(n

/Z‘ (n
&(Ar and

B—o
/
R

I

Specific instances of these compounds are illustrated in

examples 12 and 33, respectively. These compounds are
prepared by dissolving their amine or oxazaborolidine
precursors of the respective formulas

z I

R

(On ()n

in a suitable solvent such as, for example benzene, tolu-
ene, xylene and chlorobenzene, and adding a source of
BH 3 such as, for example diborane, borane-dimethylsul-
fide and borane-THF, followed by recovery of the
desired product, for instance by crystallization.

EXAMPLES

General

Melting points were determined on a Haake-Buchler
melting point apparatus and are uncorrected. IR spectra
were recorded on a Perkin-Elmer 1420 (as solutions in
CCly) or a Nicolet 60SX FTIR spectrometer on micro-
crystalline solids using a Spectrascope accessory run at
4 cm—! resolution. NMR spectra were recorded in
deuterochloroform or deuteroacetonitrile on a Bruker
AM-250 (IH, 13C), WM-250 (1H, 1B, 13C), or AM-400
(1H, 1B, 13C) spectrometer. 'H chemical shifts are re-
ported in ppm from an internal standard of residual
chloroform (7.27 ppm) or acetonitrile (1.93 ppm). 1B
chemical shifts are reported in ppm from an external
reference of boron trifluoride etherate (0.0 ppm). 13C
chemical shifts are reported in ppm from the central
peak of deuterochloroform (77.0 ppm) or
deuteroacetonitrile (1.3 ppm). Specific rotations were

determined on a Perkin-Elmer 241 polarimeter. Con-

centrations (c) for specific rotations are reported in
units of g/100 mL. Analytical gas chromatography
(GC) was carried out on a Hewlett-Packard 5890A gas
chromatograph equipped with a 7673A auto-sampler,
split-mode injector, and flame-ionization detector, with
helium as the carrier gas. The following capillary col-
umns were employed: 30 mXx0.32 mm DB-1 (J&W
Associates) and 30 mX0.32 mm DB-23 (J&W Associ-
ates). Analytical high-performance liquid chromatogra-
phy (HPLC) was carrnied out on a Hewlett-Packard
Modular 1050 HPLC (quaternary pump and program-
mable vanable-wavelength detector) using Column A:
250X0.46 mm DuPont Zorbax RX or Column B:
250X0.46 mm E. Merck Chirasphere. Analytical thin
layer chromatography {TLC) was carried out on EM

- 0.25 mm silica gel 60F HPTLC plates using the follow-

ing solvent systems: solvent A (45:45:9:1 hexane/di-
chloromethane/isopropanol/28% agq NH4OH; solvent
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B (7:3 hexane/EtOAc). Visualization was accomplished

with UV light and/or by spraying with aqueous cerric
ammonium molybdate followed by heating. Mass spec-
tra were obtained on a Finnigan-MAT TSQ 70B Mass
Spectrometer using either GC/MS with chemical ioni-
zation (NH3) or FAB/MS using a DTT/DTE matrix.
Combustion analyses were obtained in-house from our
Analytical Research Department.

Reactions were carried out under an atmosphere of
dry Na. As necessary EtsN, THF and toluene were
dried over 3 A or 4 A molecular sieves. Residual water
content was determined by Karl Fisher (KF) titration.
(S)-Proline was obtained from Ajinomoto, (R)-proline
from Tanabe U.S.A., Inc. Phosgene (1.93M in toluene)
was obtained from Fluka. Phenylmagnesium chloride
(2M in THF) was obtained from Boulder Scientific.
Other Grignard reagents were either obtained from
Aldrich, or prepared from the corresponding aryl bro-
mide. Trimethylboroxine and n-butylboronic acid were
obtained from Aldrich. Triarylboroxines were prepared
from the corresponding arylboronic acids by heating a
toluene solution at reflux for 3-4 hours using a Dean-
Stark trap for water removal, followed by evaporation
of the solvent. (R)-MTPA (Aldrich) was converted to
the acid chloride using oxalyl chloride (1.2 equiv) and
catalytic DMF (0.05 equiv) in dichloromethane at
20°-25° C. for 4 hours followed by Kugelrohr distilla-
- tion (45° C., 0.1 mBar). .

The following examples illustrate the present inven-
tion without, however, limiting the same thereto.

EXAMPLE 1

. Step A: Preparation of
(S)-Tetrahydro[1H,3H]pyrrolo{1,2-cjoxazole-1,3-dione

A 5-L, three necked flask fitted with a mechanical
stirrer, nitrogen inlet tube, 1-L addition funnel, and
teflon coated thermocouple probe containing dry THF
(1.15 L), was charged with (S)-proline (115 g, 1.00 mol).
To the well-stirred, cooled (15°-20° C.) suspension was
added a solution of phosgene in toluene (1.93M, 622
mL, 1.20 mol) over a 0.5-1.0 hour period, maintaining
the internal temperature at 15°-20° C. Caution: phos-
gene 1s an insidious poison. All manipulations with
phosgene should be performed in 2 hood with good
ventilation. Any excess phosgene should be decom-
posed 1n cold aqueous base. After the phosgene addition
was complete, the mixture was warmed to 30°-40° C.
and aged for 0.5 hour. During this time the mixture
became homogeneous as proline reacted with phosgene
to afford the intermediate N-carbamoyl chloride. Once
homogeneous, the reaction mixture was aged an addi-
tional 0.5 hour at 30°-35° C., then cooled to 15°-20° C.
While maintaining the internal temperature at 15°-20°
C., the reaction mixture was concentrated in vacuo
(1000 down to 50 mBar) to a volume of about 150 mL.
Caution: hydrogen chloride (1 mol) and excess phos-
gene (200 mmol) are removed during the distillation.
The use of appropriate traps, and venting of the vacuum
pump to the hood i1s required. The reaction can be as-
sayed at this point by 'H NMR: (about 30 uL dissolved
in 0.6 mL CDCl3) 611.5-10.0 (br s, 1 H, CO>H), 7.3-7.1
(m, toluene), 4.62 (dd, 0.4 H, C2-H rotamer), 4.50 (dd,
0.6 H, C2-H rotamer), 3.9-3.5 (m, 2 H, C5-H5), 2.5-1.8
(m, 4 H, C3-Hy, C4-H;). [The spectrum should not
contain resonances at 4.9 (dd, 0.4 H, C2-H rotamer)
and 4.7 (dd, 0.6 H, C2-H rotamer) corresponding to
proline N-carbamoyl chloride, acid chloride.] The resi-
due was dissolved in dry THF (1.15 L), and the solution
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cooled to 0°-5° C. With good agitation, dry Et3N (106
g, 1.05 mol) was added over 15 minute while maintain-
ing the internal temperature at 0°-5° C. After the addi-
tion was complete, the mixture was aged for 0.5 hour at
0°-5° C., then filtered through an enclosed, medium frit,
sintered glass funnel. The resultant cake of EtsN.HCI
was washed with THF (3 X200 mL). The filtrate and
THF washes were combined to afford a solution con-
taining product (about 0.95-1.0 mol) in THF (about 1.75
L) that was used immediately “‘as is” without further
purification.

For analysis, a portion of the THF solution was con-
centrated in vacuo (20° C., 50 mBar) and the resultant
white solid dried in vacuo (20° C., 0.01 mBar) over-
night: mp 51°-52° C.; IR (CCL): 2980, 1845, 1780, 1350,
950, 920 cm—1; TH NMR (CDCl3) §4.34 (dd, J=17.4, 8.7
Hz, 1 H, C2-H), 3.72-3.68 (m, 1 H, C5-H3), 3.32-3.18
(m, 1 H, C5-H3), 2.4-1.8 (m, 4 H, C3-H;, C4-H,); 13C
NMR (CDCl3) 6168.9 (C3), 154.9 (C1), 63.1 (C3a), 46.5
(C6), 27.6 (C4), 26.9 (C5).

Anal. Calcd for CéHNO3: C,-51.06; H, 4.96; N, 9.93.

Found: C, 51.23; H, 4.84; N, 9.65.

Step B: Preparation of
(S)-a,a-Diphenyl-2-pyrrolidinemethanol

A 35-L three-necked flask fitted with a mechanical
stirrer, nitrogen inlet tube, 2-L addition funnel contain-
ing the THF solution of-product from Step A, and
teflon coated thermocouple probe, was charged with a
solution of phenyl magnesium chloride in THF (2.0M,
1.5 L, 3.0 mol). The Grignard reagent was cooled to
—15° C. The THF solution of product from Step A
(about 0.95-1.0 mol) was added over a 1 hour period
while maintaining the internal temperature at —10° to
—15° C. After the addition was complete, the mixture-
was aged for 3 hours at —15° C. and 1 hour at 0° C. The
reaction was quenched-into a 12-L. mechanically stirred
flask, containing a pre-cooled (0° C.) solution of 2M
aqueous H3S504 (2.0 L, 4.0 mol), over a 0.5-1.0 hour
period while maintaining the internal temperature
below 20° C. During the quench, a thick white precipi-
tate Of MgSO4 formed. The mixture was agitated for 1
hour at 0° C., and filtered through a 3-L, medium frit,
sintered glass funnel. The MgSO4 cake was washed free
of residual product with THF (3x 1.0 L). The filtrate
and THF washes were combined-and concentrated at
atmospheric pressure to a volume of 2.0 L. Caution:
benzene (about 82 g), formed during the quench of
excess PhMgCl, is removed during the concentration.
The product, as its sulfate salt, Ph,CO, and Phi;COH
precipitate during the concentration. The mixture was

cooled to 0°-5° C., aged 1 hour, and filtered. The cake

was washed with H,O (2 X200 mL) to remove excess
H3S04, and EtOAc (3 X350 mL) to remove the Ph,CO
and Ph3COH. The cake Was dried in vacuo (40° C., 50

mBar) affording 221 g (73% from proline) of the sulfate

- salt of the product as a white solid: mp 275°-290° C.

65

(dec). |

Anal. Calcd for C34H4oN206S: C, 67.52: H, 6.67: N,
4.63. Found: C, 67.75; H, 6.67;: N, 4.51.

A portion of the sulfate salt was converted to the free
base as follows: to a mechanically stirred solution of
THF (50 mL) and 2M aqueous NaOH (50 mL, 100
mmol) at 20° C. was added the sulfate Salt (15.1 g, 50.0
mmol). The mixture was stirred at 20° C. until all solids
dissolved, and was then diluted with toluene (200 mL).
The two-phase mixture was filtered through a medium
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frit smtered-glass funnel, partitioned, and the organic
layer washed with H,O (25 mL) The organic layer was

10

there are produced the diarylmethanols also described
in Table I.

TABLE I
ArMgeg Hal
20 SRS
Example Ar Yield m.p. (*C) [a)sgg?

2 4-F—~CcHy~ 90 89.5-90 —48.5%(c = 0.323, MeOH)
3 4-Cl=CgHs~ 59  1145-115  —37.7°(c = 0.339, McOH)
4  4CH3;—Ce¢Hy™ 57 94-945 —43.4°(c = 0.305, MeOH)
5 4-CF3==C¢Hg—(1) 46 280-300(2) —34.2°(c = 0.789, MeOH)
6 4-t-Bu~—CgHy— 50  165.7-166.1 —25.1°(c = 0.389, MeOH)
vi 4-CH3;0—CgHy4~*) 53 —_ —44.1°(c = 0.607, MeOH)
8  3-Cl—CgHy— 62 —  —49.1°(c = 0.804, MeOH)
9 3,5-Cla=-CgH3 68 118-119  —36.6"(c = 1.409, MeOH)
10 3,5-(CH3)=CgH3= 60 97.5-98.0 —63.0°(c = 0.318, MeOH)
11 2-naphthy] 64  142.5-1435 —99.1°(c = 0.702, MeOH)

(DProduct is an oil. It was purified by conversion to its HCI salt. recrystallization, and conversion to free
base. Yield and rotation are of the purified oily product.

C)Melting point of the HCI salt.

(G)Product is an oil. It was purified by liguid chromatography on silica gel. Yield and rotation are of the

punified oily product.

concentrated in vacuo (50° C., 1 mBar) affording 12.5¢
(99% yield) of product as a colorless oil that crystal-
lized on standing. An analytical sample was prepared by
recrystalhization from hexane: mp 79°-79.5° C. [Lit. mp
76.5°~71.5° C. (H2,0/MeOH); mp 80°-82° C. (EtOH)]:;
IR (CCl4) 3600-3300 (br), 3170, 3140, 2980, 2790, 1490,
1450, 1400, 1170 cm—!; TH NMR (CDCls) §7.7-7.5 (m,
4 H, Ar-H), 7.4-7.1 (m, 6 H, Ar-H), 4.65 (s, 1 H, O-H),
4.3 (t, J=7.4 Hz, 1 H, C2-H), 3.1-2.9 (m, 2 H, C5-H>),
1.9-1.5 (m, 5 H, C3-Hj;, C4-H,;, N-H); 13C NMR
(CDCl3) 6148.21, 145.41 (C1’, C1"), 128.24, 127.98 (C3',
C37, C5', C3), 126.46, 126.36 (C4', C4'"), 125.88, 125.55
(C2, C2", C6', C6"), 77.1 (Ca), 64.41 (C2), 46.68 (C5),
26.30 (C3), 25.51 (C4); GC/MS: [M+H]+ at m/z 254.1;
TLC (solvent A) R= 0.32; [a]sg9?! —54.3° (c=0.261,
MeOH) [Lit. [a]sg?4 —58.8° (c=3.0, MeOH)].

Anal. Calcd for C17H9NO: C, 80.60; H, 7.50: N, 5.53.
Found: C, 80.80; H, 7.64; N, 5.49.

30

35

) EXAMPLE 12

Preparation of
(S)- (a., a-Diphenyl-2-pyrrolidinemethanol-borane
complex

A 250-mL three-necked flask fitted with a mechanical
stirrer, nitrogen inlet tube, and teflon coated thermo-
couple probe, was charged with a solution of the free
base product of Example 1 Step B (20.7 g, 81.7 mmol) in
dry toluene (100 mL). To the stirred solution at 20° C.
was added borane-dimethyl sulfide (10M, 10.0 mL, 100
mmol) over 5 minutes via syringe. The borane reacted

~ Immediately in an exothermic reaction (raising the inter-

Chiral Assay: To a magnetically stirred suspension of 45

Step B product (sulfate salt) (30 mg, 100 umol) in THF
(1 mL) was added 1.0M aq NaOH (210 uL, 210 pmol).
The mixture was stirred until all of the solid dissolved
(about 15 minute), then (R)-MTPA acid chloride (27
mg, 107 pmol) was added, and the mixture stirred for 1
hour at 20° C. The reaction can be monitored by TLC
(solvent B) Step B product (R/=0.05), (R,R)-derivative
(R=0.78), (R,S)-derivative (R/=0.71). After comple-
tion, the mixture was diluted into hexane (9 mL), centri-
fuged, and the upper, organic layer eluted through a
Baker silica SPE (1 g) column (previously washed with
hexane). The column was eluted with additional 8:2
(v/v) hexane/THF (5 mL). The combined eluate was
analyzed by either GC (DB-23, 250° C.) to detect 0.3%
of the (R,R)-derivative (19.1 minute) and 99.7% of the
(R,S)-denvative (20.7 minute); or HPLC,(Zorbax Si,
9:1 hexane/THF, 210 nm) to detect 0.3% of the (R,R)-
derivative (k'=1.21) and 99.7% of the (R, S) derivative
(k'=1.66).

Employing the procedure substantially as descnbed
in Example 1, Step B, but substituting for the phenyl-
magnesium chloride used therein an equimolecular
amount of the Grignard reagents depicted in Table I,
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nal temperature from 20° C. to 32° C.) forming a thick
white precipitate. With continued stirring, the mixture
was allowed to cool to room temperature (20° C.) over
a 1 hour period. The mixture was filtered, and the prod-
uct cake washed with dry toluene (25 mL). The product

- was dried in vacuo (20° C., 0.01 mBar) to constant

weight. Yield 15.7 g (72%) of a white crystal line solid.
m.p. 130°~-132° C. (dec). lH NMR (CDCl3) §7.7-7.1 (m,
10 H, Ar-H), 5.15 (s, 1 H, —OH), 4.5 (br, 1 H, —NH),
4.2 (m, 1 H, C2-H), 3.25 (m, 2 H, C5-H3), 2.6 (m, 1 H,
C4- H), 2.3 (m, 1 H, C4-H), 1.85 (m, 1 H, C3-H), 1.6 (m,
1 H, C3-H), 2.1-0.7 (br, 3 H, BH3). 13C NMR (CDCl3)
6145.8, 144.5 (CI’, C1™), 129.1, 128.2 (C3', C§, C3",

- C5Y), 127.4, 127.0 (C4', C4""), 125.2, 125.1 (C2', C¢',

C2", C6"), 76.5 (Ca), 69.6 (C2), 55.6 (C5), 20.6 (C9),
19.9 (C3).

Anal. Calcd for C17H2BNO: C, 76.46; H, 8.24; N,
5.25. Found: C, 76.54; H, 8.16; N, 5.18.

EXAMPLE 13

Preparation of
(S)-Tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyr-
rolo[1,2-c][1,3,2]oxazaborole

A 3-L, three necked flask fitted with a mechanical
stirrer, nitrogen inlet tube, and teflon coated thermo-
couple, was charged with the sulfate salt of the product
of Example 1, Step B (89.1 g, 295 mmol), THF (300
mL), and 2M aqueous NaOH (300 mL). The mixture
was stirred at 20°-~25° C. until all of the solid dissolved
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(about 0.5 hour). Toluene (1.2 L) was added, the mix-
ture stirred an additional 0.5 hour, filtered through a
medium frit sintered glass funnel, and partitioned. The
upper (product) layer was washed with water (150 mL),
and concentrated (1 atm) to a volume of about 500 mL.
The toluene solution was cooled to 20°-25° C. and
charged with trimethylboroxine (24.7 g, 197 mmol).
The temperature of the mixture rose about 5° C., and a
white precipitate of intermediate 7 formed. The mixture
was aged 0.5 hour at 20°-25° C,, then toluene (500 mL)
- was added, and the mixture concentrated (1 atm) to a
volume of about 300 mL. The toluene addition, fol-
lowed by concentration, was repeated two times to
insure complete removal of water and excess methylbo-
ronic acid (as trimethylboroxine). The suitability of the
catalyst was determined by both capillary GC: (DB-1,
200° C.) <1% starting material (5.5 minute), >99%
product (4.9 minute), and TH NMR: (CDCIl3) no starting
material 64.3 (1), trimethylboroxine 80.45 (s), intermedi-
ate 5 60.35 to —0.50 (multiple B-CH3 singlets), and/or
water addition product §—0.25 (br, B-CH3). The tolu-
ene solution of oxazaborolidine (about 1.0M), stored
under an atmosphere of Nj protected from moisture,
was used “as is” as a catalyst for the enantioselective
reduction of ketones with borane.

For analysis, a portion of the toluene solution (10.0
mL) was concentrated in vacuo (50° C., 0.001 mBar) to
afford 2.77 g of product as a white solid: mp 79°-81° C.
[Lit. mp 74°-87° C.]; IR (CClyg) 2960, 2880, 1440, 1330,
1310, 1235, 1000 cm—1; TH NMR (0.2M in CDCl;3)
67.65-7.15 (m, 10 H, Ar- H), 4.4 (dd, J=5.8, 10.0 Hz, ]
H, C3a-H), 3.45-3.30 (m, 1 H, C6-H), 3.15-3.00 (m, I R,
C6-H), 1.90-1.55 (m, 3 H, C4-H, C5-H3), 0.95-0.75 (m,
1 H, C4-H), 0.40 (s, 3 H, BCH3); !B NMR (0.2M in
CDCl3) 634.3; 13C NMR (0.2 M in CDCl3) 5147.6,
144.0 (C1', C17) C1"), 128.2, 127.7 (C3’, C3”, C5’, C5"),
127.1, 126.6 (C4', C4"), 126.3, 126.2 (C2', C2", C6',
C6"), 87.8 (C3), 72.7 (C3a), 42.9 (C6), 30.2 (C4), 26.4
(C5), —35.6 (br, B-CH3). FAB/MS (DTT/DTE matrix):
[M+H]+ at m/z 278.1. Isotopic cluster consistent with
the presence of one boron.

Anal. Calcd for Ci1sH20BNO: C, 78.00; H) 7.27;: N,
2.05. Found: C, 77.81; H, 7.37; N, 4.91.

EXAMPLE 14

Preparation of Intermediate 7

To a magnetically stirred solution of the free base
product of Example 1, Step B (5.06 g, 20.0 mmol) in dry
toluene (20 mL) at 20° C. was added trimethylboroxine
(1.67 g, 13.3 mmol). The reaction was exothermic, rais-
ing the temperature to 33° C. The solution was allowed
to cool to 20° C,, then aged at that temperature for 1
hour. The resultant solid was isolated by filtration. The
soltd was dried in vacuo (45° C., 0.1 mBar) to afford
6.07 g (90%) of intermediate 7. An analytical sample
was prepared by recrystallization from EtOAc: mp
147°-148" C; IR (solid) 3435, 3270, 3066-2885, 1596,
1492, 1447, 1384, 1302, 1247, 1141, 1046, 1030, 1015,
1006, 762, 752, 717, 701; TH NMR (CD;3;CN, major
diasteromer) 67.66 (m, 2 H, 0-Ar-H), 7.47 (m, 2 H, o-Ar-
H), 7.3-7.1 (overlapping m, 6 H, Ar-H), 6.37 (s, 1 H,
B—OH), 5.13 (br, 1 H, NH), 4.68 (dt, J=11.1, 6.5, 1 H,
C3a-H), 3.39 (m, 1 H, C6-H), 2.99 (m, 1 H, C6-H),
1.9-1.7 (overlapping m, 3 H, C5-H;, C4-H), 1.44 (m, 1
H, C4-H), 0.09 (s, 3 H, —OB(OH)CH3), —0.49 (s, 3 H,
B1-CH3); 1B NMR (CDClI3, major diasteromer) 630.4
(—OB(OH)CH3), 7.8 (B1); 13C NMR (CD3CN, major
diasteromer) 6148.4, 147.9 (C1’, C1"), 129.0, 128.8 (C3',
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—OB(OH)C;).

12

Cs, C37, C5"), 127.7, 127.2 (C4', C4"), 126.8, 126.1
(C2', C6', C27, C6"'), 83.6 (C3), 68.6 (C3a), 45.6 (C6),
28.7 (C4), 24.6 (CS5), 7.0 (v br, B1-CH3), —0.2 (v br,
FAB/MS (DTT/DTE matrix):
[M+H]+ at m/z 338.2. Isotopic cluster consistent with
the presence of two borons.

Anal. Calcd for Ci9H25BoNO3: C, 67.71; H, 7.48: N,
4.16. Found: C, 67.59; H, 7.47; N, 4.15. |

Employing the procedure substantially as described
in Example 13, but substituting for the diphenylme-
thanol used therein, comparable amounts of the diaryl-
methanols described in Table II, there were produced
the B-methyl oxazaborolidines also described in Table

11:
TABLE 11
_ IIVIe
B
3 S
B_ BT
/ 07 \
OH Me Me
3 4
1
Example Ar Purity (%)
15 4-Fo=CeHs— () 98
16 4-Cl=—CgHs— (1) 99
17 4-CH3yCgHy— 99
18 4-CF3—CgHg=(1) 99
19 4-t-Bu—CgHy— 99
20 4-CH30—C¢Hs— 99
21 3-Cl=—CgcHygm 99
22 - 3,5-Cly—Ce¢Hy— 99
23 3,5-(CH3)2=—CcH3— 99
24 2-naphthyl 99
(DReaction run in benzene. |
EXAMPLE 25

Preparation of
(S)-Tetrahydro-1-n-butyl-3,3-diphenyl-1H,3H-pyr-
rolof1,2-c][1,3,2]oxazaborole

A solution of the free base product from Example 1,
Step B (20.1 g, 79.4 mmol) and tri-n-butylboroxine (6.66
g, 26.5 mmol) in toluene (200 mL) was aged 0.5 hour at
20°-25° C., then heated at reflux for 16 hours using a
Dean-Stark trap for water removal. The solution was
concentrated (1 atm) to a volume of about 70 mL. The
suitability of the catalyst was determined by both capil-
lary GC: (DB-1, 200° C.) <0.1% tri-n-butylboroxine
(1.3 minute), <1% starting material (5.7 minute).,
>98% product (9.7 minute), and 1H NMR: (CDCl3) no
starting material 64.25 (t). Based on the final volume of
70 mL, the concentration of the oxazaborolidine was
calculated to be 1.13M. The toluene solution, stored
under an atmosphere of Nj protected from moisture,
was used “‘as is” as a catalyst for the enantioselective
reduction of ketones with borane.

For analysis, a portion of the toluene solution (5.00
ml) was concentrated in vacuo (50° C., 0.001 mBar) to
afford 1.80 g of the product as a colorless oil: IR (CCly)
3060, 3020, 2960, 2930, 2880, 1480, 1440, 1240, 1000
cm—1; IH NMR (0.2M in CDCl;3) §7.65.-7.45 (m, 2 H,
Ar-H), 7.45-7.05 (m, 8H, Ar-H), 4.35 (dd, J=5.6, 9.9
Hz, 1 H, C3a-H), 3.45-3.30 (m, 1 H, C6-H), 3.15-3.00
(m, 1 H, C6-H), 1.90-1.25 (m, 7TH, C4-H, C5-H,, C2'-H>,
C3'-H3), 1.05-1.70 (m, 6 H, C4-H, C!l’-H,, C4'-H;3); !B
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NMR (CDCl3) 634.3; 13C NMR (0.2M in CDCl;)
6147.8, 144.1 (c1”, C1"""), 128.1, 127.7 (C3", C3"", C5",
C5"), 127.1, 126.5 (C4", C4'"), 126.22, 126.16 (C2",
C2"7, C6", C6'"), 87.4 (C3), 73.1 (C3a), 42.8 (C6), 30.2
(C4), 26.9 (C2'), 26.5 (C5), 25.7 (C3"), 14.0 (C4").

Anal. Calcd for Ca1H26BNO:

C,79.01; H, 8.21; N, 4.39. Found: C, 78.58; H, 8.37; N,
4.37. |

EXAMPLE 26

Preparation of
(S)-Tetrahydro-1,3,3-triphenyl-1H,3H-pyrrolo-{1,2-
c][1.3.2]oxazaborole

A solution of the free base product of Example 1,
Step B (10.3 g, 40.7 mmol) and triphenylboroxine (4.25
g, 13.6 mmol) in toluene (100 mL) was aged 0.5 hour at
20°-25° C., then heated at reflux for 16 hours using a
Dean-Stark trap for water removal. The solution was
concentrated (1 atm) to a volume of 47 mL. The suit-
ability of the catalyst was determined by both capillary
GC: (DB-1, 160° C. for 3 minute, then 10° C./minute to
300° C.) «0.1% benzophenone (2.6 minute), <1%
starting material(7.5 minute), <1% triphenylboroxine
(10.8 minute), >98% oxazaborolidine product (14.2
minute), and TH NMR: (CDCl3) no starting material
64.25 (t). Based on the final volume of 47 mL, the con-
centration of oxazaborolidine product was calculated to
be 0.87M. The toluene solution, stored under an atmo-
sphere of Nj protected from moisture, was used “as is”
as a catalyst for the enantioselective reduction of ke-
tones with borane.

For analysis, a portion of the toluene solution (5.00
ml.) was concentrated in vacuo (50° C., 0.001 mBar) to
afford 1.48 g of the product as a colorless glass: IR
(CCly) 3060, 3020, 2960, 2870, 1595, 1445, 1300, 1000
cm—1!; TH NMR (0.2M in CDCl3) 68.05-7.95 (m, 2 H,
Ar-H), 7.70-7.60 (m, 2 H, Ar-H), 7.55-7.15 (m, 11 H,
Ar-H), 4.65 (dd, J=5.5, 9.7 Hz, 1 H, C3a-H), 3.70-3.55
(m, 1 H, C6-H), 3.45-3.30 (m, 1 H, C6-H), 2.05-1.75 (m,
3 H, C4-H, C5-H3), 1.05-0.90 (m, 1 H, C4-H); 11B NMR
(CDCl3) 630.8; 13C NMR (0.2M in CDCl3) 51474,
143.8 (C17, C1'), 134.6 (C2', C6'), 130.3 (C4'), 128.2,
127.77 (C3”, C3", CS§", C5""), 127.85 (C3', C5'), 127.2,
126.7 (C4”, C4'""), 126.41, 126.35 (C2", C2'"", C6", C6'""),
87.7 (C3), 74.4 (C3a), 43.8 (C6), 30.0 (C4), 27.6 (CH5).

Anal. Calcd for C23H220BNO: C, 81.43; H, 6.54;: N,
4.13. Found: C, 81.35; H, 6.56; N, 4.12.

Employing the procedure substantially as described

in Example 26, but substituting for the triphenylborox-
ine used therein, comparable amounts of triarylborox-
ines described in Table III, there were produced the
B-aryl oxazaborolidines also described in Table I1I:

TABLE III
Me |

OH
3
Example R Purity (%)
27 4. F—Cc¢Hy— 98
28 4-Cl—CgHy~ 97
29 4-CH3—CgHy— 99
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- TABLE Ill-continued
30 4-CF3=—CgHy— 97
31 4CH3;0—Ce¢Hyq— ¥
32 2,4,6-(CH3)3—~CcHy— 97

EXAMPLE 33

Preparation of
(S)-Tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyr-
rolo[1,2-c][1,3,2]oxazaborole-borane complex

To a mechanically stirred solution of the oxazaboroli-
dine decribed in Example 13 (1.28M in toluene) (20.0
mL, 25.6 mmol) at 20° C. was added borane-dimethyl
sulfide (10M, 5.0 mlL, 50 mmol). The solution was
stirred at 20° C. for 12 hours with a nitrogen sweep to
remove dimethyl sulfide. The thick white mixture was
filtered, and the product cake washed with dry toluene
(10 mL). The product was dried in vacuo (20° C., 0.01
mBar) to afford 6.04 g (81% yield) of a white crystalline
solid. m.p. 122°-130° C. (dec). IH NMR (CDCl3) 67.6
(m, 2 H, Ar-H), 7.15-7.40 (m, 8 H, Ar-H), 4.65 (1, J=7.9
Hz, 1 H, C3a-H), 3.4 (m, 1 H, C6-H), 3.2 (m, 1 H, C6-H),
1.9 (m, 2 H, C5-H3), 1.7 (m, I H, C4-H), 1.3 (m, 1 H,
C4-H), 2.1-0.8 (very br, 3 H, BH3), 0.78 (s, 3 H, B-CH)).
13C NMR (CDCI3) 8144.6, 143.5 (Cil', cl1”), 128.3,
128.2 (C3', C5', C3”, C5'), 127.4, 127.1 (C4', C4'),
125.4, 125.0 (C2', C6', C2”, C6"), 90.6 (C3), 76.2 (C3a),
57.7 (C6), 31.4 (C4), 25.0 (CS).

Anal. Calcd for CigH23BaNO: C, 74.29; H, 7.97; N,
4.81. Found: C, 74.34; H, 8.00; N, 4.69.

The following reaction scheme is described in Exam-
ple 34, which illustrates the utility of the oxazaboroli-
dine catalysts, particularly in Step E describing the
reduction of 9 to 10.

O
"_ OH
Edas| LS00

10 11




5,264,585

15

-continued
CH3]/ CHj;
HN

S S
02
6

EXAMPLE 34

S-(+)-5,6-Dihydro-4-(2-methylpropyl)amino-4H-
thieno-[2,3-b]-thiopyran-2-sulfonamide-7,7-dioxide

Steps A and B
Preparation of 3-(2-thienylthio)propanoic acid (11)

In a 2-L, three-neck round-bottom flask fitted with a
thermometer, nitrogen inlet, mechanical stirrer and
addition funnel was placed thiophene (64 mL, 799
mmol; Caution: stench) and sieve dried THF (400 mL,
residual water <120 ug/mL). The solution was cooled
to 0°~5° C. and 1.6M n-butyllithium (470 mL, 751
mmol) was added at such a rate as to maintain the tem-
perature at <20° C. The reaction was stirred for 1 hour
at 0°-5° C., and was used immediately in the next se-
quence. To the cooled reaction mixture (0°-5° C.) was
added sulfur (24 g, 750 mmol) portionwise while main-
taining the temperature at <20° C. The reaction was
stirred for an additional 2.0 hours at 0°-5° C. after
which nitrogen-purged water (300 mL) was added at
such a rate as to maintain the temperature at <18° C.
The addition of sulfur was highly exothermic. (Note:
the 2-mercaptothiophene and its anion (6) can air-oxi-
dize to the corresponding disulfide. Therefore, solutions
of 10 must be deoxygenated and stored under a nitrogen

atmosphere). Solids may form initially upon addition of 40

water to the solution of 10 but eventually dissolve. The
solution of 10 was titrated for total base. The yield of
thiophene to 10 based on titration was 98%.

In a 1-L, three-neck, round-bottom flask fitted with
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an addition funnel, thermometer, nitrogen sweep and 45

mechanical overhead stirrer was prepared a solution of
potassium carbonate (46.5 g, 337 mmol) in nitrogen-
purged water (85 mL). To this solution was added solid
3-bromopropionic acid (116 g, 736 mmol) at such a rate
as to control foaming (CO; evolution). The mixture was
stirred until a clear solution was obtained. The tempera-
ture increased from 23° C. to 50° C. during the dissolu-
tion of potassium carbonate. (Caution: foaming occurs
during the addition). The solution of 10 was cooled to
10° C. and the aqueous solution of potassium 3-bromo-
propionate was added at such a rate as to maintain the
temperature at 0°-5° C. The reaction was stirred for 24
hours at ambient temperature. The layers were sepa-
rated and the aqueous layer was washed twice with
toluene (100 mL portions) to remove neutral organic
impurities. The aqueous layer was then cooled to 10° C.
and stirred with toluene (300 mL) as aqueous HCI (125
ml., 6N) was added, maintaining the temperature at
<14° C. (pH <1). The organic layer was separated and
the aqueous layer extracted with additional toluene (300
ml). The organic layers were combined and dried
azeotropically under vacuum to a volume of 500 mL
and residual water content of =2.5 mg/ml. The solu-

30

53

65

16

tion was stored at 0°-5° C. overnight. A small amount
of the carboxylic acid was isolated and characterized as
its tert-butylammonium salt: m.p. 110°-112° C. IR
(CHCl3): 3400-2300 br s (OH), 2980 m, 2630 m, 2200 w,
1635 m, 1580 br s (C=0), 1480 w, 1390 s, 1300 m, 1270
m, 990 w, 930 w, 850 w. 1H NMR: 68.36 (br s, NH3+),
71.29(d, J=35.4, Hs), 7.07 (d, J 3.5, Hy), 6.93 (dd, J=5.4,
3.5, Hy), 2.99 C2H>), 2.43 (m, C3H23), 1.27 (s, C(CH3)3).
13C NMR: 6§177.9 (C)y), 134.5 (Cy), 133.5, 129.0, 127.4
(Cs, Cq, Cs'), 50.6 (C(CH3)3), 38.4, 35.6 (C,y, C3), 27.8
(C(CH3)3).

Anal. Calcd for C11H19NO»S2: C, 50.54; H, 7.33; N,
2.36. Found: C, 50.53; H, 7.12; N, 5.27.

Step C

Preparation of
5,6-Dihydro-4H-thieno|2,3-b]thiopyran-4-one (12)

In a 2-L three-neck round-bottom flask fitted with an
overhead mechanical stirrer, thermometer, addition
funnel, reflux condenser, and nitrogen bubbler vented
through an acid-vapor scrubber was placed the toluene
solution of 11 (130.7 g, 695 mmol). The reaction mixture
was brought to an initial temperature of 20° C. and
trifluoroacetic anhydride (161 g, 765 mmol) was added
over J minutes to the stirred solution of 11. The reaction
was then heated to 35°-38° C. and stirred for about 1.5
hours. The reaction was then slowly added to water
(500 mL) maintaining the temperature at <25° C. A pH
probe was placed in the vessel and the mixture was
titrated to pH 7.0 with 50% sodium hydroxide (123 g,
1.53 mole). The layers were separated and the aqueous
phase was extracted once with toluene (200 mL). The
combined organic extracts were then concentrated
under vacuum (43 mBar) to a volume of 200 mL and
then diluted to 1.2 L with ethyl acetate for the next step
(oxidation). A small sample was chromatographed to
obtain the following data: Ry=0.29 (85:15 hexane:ethyl
acetate). m.p. 61°-62° C. IR (CHCls): 3120 w, 3090 w,
3010 m, 2930 w, 1660 s (C=0), 1500 m, 1390s, 1315 w,
1280 w, 1265 m, 1190 w, 1035 w, 890 w. IHNMR: §7.42
(d, J=5.4, H)); 6.98 (d, J=5.4, H3); 3.33 (m, CsH>); 2.82
(m, CsH). 13C NMR: 6188.9 (C4), 150.9, 135.0 (Ca,,
Ca), 126.1, 121.8 (C,, C3), 38.1 (Cs), 30.0 (Cs).

Anal Calcd for C7HgOS3: C, 49.39; H, 3.55; S, 37.66.
Found: C, 49.56; H, 3.58: S, 37.68.

Step D

Preparation of
5,6-Dihydro-4H-thieno[2,3-b]-thiopyran-4-one-7,7-
dioxide (13)

The ethyl acetate/toluene solution of ketone 12 (118
g, 765 mmol in 1.2 L of 5:1 v:v EtOAc/toluene) was
charged to a 5-L three-neck round-bottom flask
equipped with an overhead mechanical stirrer, 250-mL
pressure-equalizing dropping funnel, and thermocouple
temperature probe. The mixture was stirred and water
(35 mL) was added to saturate the organic phase. A
solution of sodium tungstate dehydrate (11.7 g, 77-
mmol) dissolved in water (35 mL) was then added (Cau-
tion: there is an induction period of several minutes
before an exotherm). The mixture was heated to 35° C.
and hydrogen peroxide (30%, 250 mL, 2.43 mole) was
-added over 45 minutes. The temperature of the reaction
was allowed to rise to 55°-58° C. and was maintained
there, initially with cooling and subsequently with heat-
ing. The reaction temperature was maintained at
55°~58° C. until judged complete by HPLC: column A,
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(1 mL/minute, 50:50 0.01M H3PQO4in H>O:CH3;CN, 240
nm) R,(12) 6.18 minutes, (13) 4.07 minutes. On comple-
tion the mixture was cooled to 0°-5° C. and excess
‘hydrogen peroxide was decomposed by the slow addi-
tion of aqueous sodium sulfite (205 g, 1.63 mole dis-
solved in 700 mL water). The temperature of the reac-

tion mixture was maintained at <20° C. When the reac-

tion mixture tested negative for peroxide to acidified
starch-iodide paper, the layers were separated. The
upper organic layer was concentrated under vacuum at
45° C. bath temperature to a volume of 400 mL. Hex-

10

anes (400 mL) were then added over about 10 minutes

and the batch was aged for one hour. The product was
filtered, washed with hexanes, and dried under vacuum
at 60° C. with a nitrogen sweep to constant weight. The
yield of crude ketosulfone 13 was 113 g (76% from
3-bromopropionic acid). Crude ketosulfone was then
recrystallized from methanol using the following proce-
dure. Crude ketosulfone (113 g) was dissolved in anhy-
drous methanol (3 L) at 55°-60° C. The solution was
cooled to 40° C. and 10 g of Calgon ADP carbon was
added. The mixture was aged at 40° C. for a minimum of
4 hours. The batch was then filtered warm at 40° C.
through a well-washed pad of SuperCel. The filter cake
was washed with methano!l (2 X500 mL) at 40° C. and
the filtrates were combined. The batch was then con-
centrated under vacuum to a volume of 500 mL and
aged at 0°-5° C. for 4 hours. Crystallization ensued
during concentration. The batch was filtered, washed
with 75 ml. cold methanol, sucked dry under nitrogen,
and dried under vacuum (100 Torr) at 80° C. with a
nitrogen sweep for 12 hours. The recovery yield was
100 g (89%) assayed 699.6 wt % by HPLC against an
external stand ard. Ry/=0.30 (dichloromethane). m.p.
121°-121.5° C. IR (CHCl3): 3120 w, 3100 w, 3020 m,
1690 s (C=0), 1500 w, 1410 m, 1390 m, 1330 s (SO3),
1310 m, 1285 m, 1260 m, 1190 s, 1155 s (SO3), 1130 m,
1090 m, 860 S, 820 w. 'H NMR: §7.60 (d, J==5.1, H>);
7.50 (d, J=35.1, H3); 3.76 (m, CsH>); 3.36 (m, C¢H>). 13C
NMR: 6186.3 (Ca), 147.2 (C3,), 139.3 (C1p), 130.2 (Cy),
126.3 (C3), 52.8 (C¢), 37.0 (Cs). MS (EI, 70 eV): 202
(M, 35), 174 (38), 138 (15), 110 (100), 84 (30), 82 (25).

Anal. Caled for C7H¢O3S,: C, 41.57; H, 2.99; S, 31.70.
Found: C, 41.49; H, 3.02: S, 31.60.

Step E

Preparation of
R-(+)-5,6-Dihydro-4H-thieno-[2,3-b]-thiopyran-4-ol-
1,7-dioxide (5)

Ketosulfone 12 (50.0 g, 0.247 moles) was dissolved in

tetrahydrofuran (700 mL) over 4 A molecular sieves (20
g) and occasionally swirled until the residual water
content was <40 png/mL (about 2 hours). A 2-L three-
neck round bottom flask fitted with a mechanical stir-
rer, nitrogen inlet tube, 500-ml. addition funnel and
teflon coated thermocouple probe, was charged with 13
(decanted from the sieves). To the solution was added
oxazaborolidine catalyst (R=CH3, Ar=CgHs) (14.4
mL of a 0.86M solution in toluene). The resulting solu-
tion was cooled to —15° C. In a separate vessel borane-
dimethyl sulfide (17.3 mL) was dissolved in dry tetrahy-
drofuran (297 mL; residual water <40 ug/mL). The
borane-dimethyl sulfide solution was placed in the addi-
tion funnel and added to the ketosulfone/catalyst solu-
tion at a rate to maintain the internal temperature at
—15° C. (about 30 minutes). After all of the borane was
added, the reaction was aged for 30 minutes. An easily
stirred precipitate usually forms during the age. The
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reaction was quenched by the cautious addition of 10

‘mL of methanol (Caution: there was a significant induc-

tion period (1-2 minutes) before hydrogen was evolved
after the initial methanol was added) maintaining the

temperature at —10° C. After hydrogen evolution sub-

sides, methanol (365 mL) was added. The reaction be-

- comes homogeneous during the quench. After complete

addition of methanol, the reaction mixture was warmed
to 20° C. and stirred for 12 hours. The resulting solution
was concentrated at atmospheric pressure to about 125
mL. Methano}l (375 mL) was added and the resulting
solution was concentrated at atmospheric pressure to
125 mL to remove any remaining volatile boron species.

Amberlyst 15 resin (56 g, 100 mL dry) was suspended
in methanol (100 mL). (Caution: the slurry exotherms to
about 40° C. without external cooling and expands on
wetting to about 1.5 times its initial volume). The slurry
was poured into a 2.5 X 30 cm column and eluted with 1
L of ammonium hydroxide (15M) in methanol (6 vol %,
about 1M) until the eluate was basic (pH about 11 when
diluted 1:1 with water). The initial brown eluate was
discarded. The column was eluted with methanol
(about 500 mL) until the eluate was neutral. The metha-
nol solution of (R)-hydroxy sulfone (about 50 g) and
(S)-diphenylprolinol (3.13 g) was filtered through a pad
of SuperCel. The cake was washed with methanol
(2X50 mL) and the combined filtrates brought to a-
volume of 500 mL (10 mL/g) with methanol. The fil-
tered methanol solution was eluted through the column
containing Amberlyst 15 (NH4+) at 3.8 mL/minute
collecting 38 mL fractions. The column was rinsed with
methanol (380 ml) to remove all of the-product hy-
droxysulfone. The column was then eluted with 94:6
(v/v) methanol/15M aqueous ammonia (400 ml) to
elute diphenylprolinol. Fractions 3-21 contain ing (R)-
hydroxysulfone (95:5 R:S, 49 g (98%), contaminated
with less than 0.4% diphenylprolinol) were combined
and concentrated (recrystallization of this material from
hexane/ethyl acetate only serves to lower enantiomeric
purity). Addition of tetrahydrofuran (500 mL) followed
by concentration to 250 mL was repeated twice, Tetra-
hydrofuran was added to generate a solution of 5 in a

- total volume of 500 mL for use in the next reaction.
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Fractions 29-33 containing (S)-diphenylprolinol (< 1:99
R:S, 3.0 g) were combined and concentrated to afford a
crystalline solid. The progress of the column can be
monitored by HPLC: column A (1 mL/minute, 60:40
0.01 M KH,PO4 in H,O:CH3CN) R, (9) 4.78 minutes
(240 run), (10) 3.30 minutes (240 run), (diphenyl-
prolinol) 5.60 minutes (210 nm). A small sample was
chromatographed to obtain characterization data:
Rr=0.07 (60:40 hexane:ethyl acetate). [a]sgg?!=+16.4°
(c 0.210, MeOH). m.p. 89°-90° C. IR (CHCI3): 3600 w
(OH), 3550-3400 br w (OH), 3110 w, 3010 m, 2940 w,
1520 w, 1400 m, 1305 s (SOy), 1285 s, 1180 w, 1145 s
(SO,), 1125, 1100 w, 1160 m, 1140 m, 970 w, 915 w,
890 w, 845 w, 825 m. TH NMR: 87.59 (d, J=5.1, H)),
7.12 (d, J 5.1, H3), 4.91 (ddd, J=10.0, 5.9, 1.5, Hy), 3.62
He¢), 3.31 (m, Hg), 2.75 (m, Hs), 2.55 (m, Hs, OH).
I3NMR: §144.9 (C3,), 135.9 (C70), 130.5 (C>), 127.0 (C3),
63.5 (Cy), 49.1 (C¢), 31.0 (Cs). |

Anal. Calcd for C7Hg03S7: C, 41.16; H, 3.95: S, 31.39.
Found: C, 41.23; H, 3.93; §, 31.24,

Chiral Assay: To alcohol 5 (20 mg) in dry dichloro-
methane (2 mL) was added N,N-dimethylaminopyri-
dine (12 mg, 1.0 equiv), triethylamine (14 mL, 10 mg,
equiv) and (R)-(+)-a-methoxy-a-(trifluoro-
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methyl)phenylacetic acid chloride (Mosher acid chlo-
nde, 27 mg, 21 mL, 1.1 equiv, see General of Experi-
mental Section). The mixture was stirred for 1-5 hours,
as judged by TLC (EM Si:60, 6:4 hexane/EtOAc, Ry
alcohol 5=0.10, Rrester=0.60). The reaction mixture
was diluted with hexane (8 mL) and centrifuged (5
minutes). The resulting clear yellow solution was eluted
through a Baker Silica SPE (1 g) column (previously
washed with 5 mL of hexane). The initial eluate was
discarded, and 6:4 hexane/EtOAc (10 mL) was eluted
and coliected. The latter eluate was then analyzed by
capillary GC on column A: (15 psi, 200° C., isothermal)
R; ((R,R)-Mosher ester (major), 10.0 minutes; (R,S)-

Mosher ester (minor), 10.4 minutes. Enantiomeric pu-

rity: >95:5. |
Steps F and G

Preparation of |
S-3,6-Dihydro-N-(2-methylpropyl)-4H-thieno|[2,3-
blthiopyran-4-amine-7 7-dioxide (15)

A 3-L three-neck flask fitted with a mechanical stir-
rer, nitrogen inlet tube, 500-mL addition funnel and
teflon coated thermocouple probe was charged with a
slurry of sodium acetylide in xylene/light mineral oil
(Aldrich, 71.9 g, 0.270 mol of an 18% slurry) and was
well mixed with 400 mL of tetrahydrofuran. Hydroxy-
sulfone 5 (50.0 g, 0.245 moles) dissolved in dry tetrahy-
drofuran (500 mL, see above; residual water content
should be <100 ug/mL) and placed in the addition
funnel. The solution was cooled to 15° C. and the solu-
tion of 10 was added to the sodium acetylide over about
5 minutes. (Caution: sodium acetylide is moisture sensi-
tive and generates acetylene upon addition of water).
The resulting suspension was stirred at 20° C. for 2
hours. During the age, the fine slurry of sodium acety-

lide was converted to the easily stirred, coarse, crystal-

line sodium salt of the hydroxysulfone. (The deprotona-
tion can be monitored by removing a 1 mL aliquot and
adding it to excess toluenesuifonyl chloride (45 mg, 0.24
mmol) in 1 mL of tetrahydrofuran and monitoring by
TLC: 60:40 hexane:ethyl acetate; Ry hydroxysulfone
10, 0.07; tosylate 14, 0.37). The resulting slurry was
cooled to —15° C. Toluenesulfonyl chloride (51.3 g,
0.269 mol) was dissolved in 250 mL of tetrahydrofuran
and placed in the addition funnel. The toluenesufonyl
chloride/tetrahydrofuran solution was added to the
sodium salt at a rate to maintain the internal tempera-
ture below —10° C. (about 10 minutes). The resulting
mixture was aged at — 10° C. for 2 hours. The tosylation
can be followed by TLC (60:40 hexane:ethyl acetate;
Ry tosylate 11, 0.37; hydroxysulfone 10, 0.07). The
sodium salt of the hydroxysulfone dissolved during the
age and the reaction usually turned dark green. (Note:
tosylate 11 should not be isolated since it readily hydro-
lyzes to racemic 10 in water). Dry (residual water < 100
pg/mL) isobutylamine (250 g, 340 mL, 3.43 mol) was
added over 5 minutes. The resulting mixture was
warmed to 20° C. and aged for 14 hours. (This reaction
was monitored by TLC: 60:40 hexane:ethy] acetate; Ry
tosylate 11, 0.37; amine 15, 0.25). The resulting mixture
was cooled to —15° C. and aqueous hydrochloric acid
(1.54 L, 2 N) was added at a rate to maintain the internal
temperature at or below 5° C. (about 30 minutes). The
resulting pH was about 2.5. The solution was concen-
trated to about 1.6 L to remove most (90%) of the tet-

rahy drofuran and extracted with isopropyl acetate

(2X600 mL). The aqueous phase was cooled to 0° C.
and sodium hydroxide (120 mL., 5N) was added at a rate
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to maintain the internal temperature below 5° C. (about
5> minutes). The resulting pH was about 10 and the reac-
tion mixture became cloudy upon addition of sodium
hydroxide. The resulting mixture was extracted twice
with isopropyl acetate (600 mL). The organic layers
were combined and concentrated to about 120 mlL.
Isopropanol (600 mL) was added and the mixture was
concentrated to 100 mL. A second flush was performed
to remove the isopropyl acetate. (Solubility of amine 15
in isopropa nol: 2.5 mg/ml at —20° C.; 7.3 mg/ml] at 0°
C.; 28.3 mg/ml at 20° C.; 151 mg/ml at 45° C.). Isopro-
panol was added to bring the volume to about 1 L and
the resulting solution was warmed to 55°-60° C. and
Calgon ADP (5 g) decolorizing carbon was added. The
mixture was stirred at 50° C. for 4 hours. The resulting

- mixture was filtered (at 50° C.) through prewashed
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SuperCel. The filtered solution was concentrated to
0.86 L (14 mL/g amine) and allowed to cool slowly to
room temperature. The resulting suspension was cooled
to 0° C. and aged for 2 hours. The suspension was fil-
tered, washed twice with 150 mL of 0° C. isopropanol
and dried in vacuo at 45° C. for 12 hours to yield 47 g
(73%) of amine 15 (R=2- methylpropyl) as off white
crystals.

Data for 15: R=0.25 (60:40 hexane:ethyl acetate).
[a)s8922=—8.68° (c 0.316, MeOH). m.p., 86°-86.5° C.
IR (CHCI3): 3110 w, 3010 m, 2960 m, 2950 sh, 2900 w,
2870 w, 2830 w, 1520 w, 1460 m, 1400 m, 1365 w, 1305
s (§03), 1280 m, 1140 s (SO3), 1090 m, 1055 w, 890 w,
850 w, 830 w. 'H NMR: 67.53 (d, J=5.0, H»), 7.08 (d,
J=35.0, Hi3), 391 (dd, J=6.3, 4.1, Hy), 3.68 (ddd,
J=13.6, 9.8, 2.8, Hg), 3.27 (ddd, J=9.3, 8.8, 2.6, Hy),
2.35 (m, CsHj, CiH3), 1.68 (nine lines, J=6.6), 0.92 (d,
J=6.8). 13C NMR: 8146.0 (C3,), 135.6 (C74), 129.7 (C)),
127.1 (C3), 35.0(Cy), 52.6 (C4), 49.6 (Cg), 28.8 (Cy'), 27.8
(C ), 20.6, 20.5 (2 XX CH3).

Anal. Calcd for C;1H19NO1S3: C, 50.94; H, 6.61; N,
5.40; S, 24.72. Found: C, 51.00; H, 6.64; N, 5.30; S,
24.50.

Chiral Assay: To amine 15 (10 mg) in dry ethyl ace-
tate (1 mL) was added trifluoroacetic anhydride (20
mL). The mixture was stirred for 1-5 minutes, as judged
by TLC (EM 8i-60, 6:4 hexane/EtOAc, Ry amine 15,
0.30; amide, 0.50). The reaction mixture was concen-
trated to dryness and then diluted with tetrahydrofuran
(2 mL). The resulting clear yellow solution was eluted
through a Baker quaternary amine SPE (1 g) column
(previously washed with 5 mL of isopropanol). The
eluate was collected, and 88:11:1 hexane/tetrahy-

~drofuran/isopropanol (20 mL) was eluted and col-

lected. The eluate was then analyzed by normal phase
HPLC (250 nm): column B (2.0 mL/minute, 88:11:1
hexane:tetrahydrofuran: isopropanol, isocratic): Ry (R)-

TFA-12 10.65 minutes; (S)-TFA-12 12.82 minutes. En-
antiomeric purity > 99:1.

Step H

Preparation of
S-(+)-5,6-Dihydro-4-(2-methylpropyl)amino-4H-
‘thieno[2,3-b]thiopyran-2-sulfonamide-7,7-dioxide
monohydrochloride hemihydrate (16)

A 1-L round-bottom flask fitted with a mechanical

stirrer, nitrogen inlet and septurmn was charged with
fuming sulfuric acid (12-20% SO3 in H3SOy4, 125 mL).

(Caution: fuming sulfuric acid (oleum) is extremely

corrosive). The solution was cooled to —15° C. and
amine 15 (R =2- methylpropyl) (25 g, 96.4 mmol) was
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added portionwise at a rate to maintain the temperature
<0” C. (Caution: the addition is exothermic). After
stirring the résultant solution for 2 hours at 5°-8° C.,
thionyl chloride (375 mL, 611 g, 5.14 mol) was added
and the mixture was refluxed for 3 hours. The thionyl

chloride was removed by distillation and the resulting

oil was cooled to 0° C. A 5-L round-bottom flask fitted
with a mechanical stirrer, 250-mL. pressure equalizing
addition funnel (with a teflon tube attached to the bot-
tom that reached below the surface of the contained

hquid) and nitrogen inlet was charged with concen-

trated aqueous ammonia (800 mL) and tetrahydrofuran
(800 mL) and cooled to —15° C. The addition funnel
was charged with the sulfuric acid solution of the sulfo-
nyl chloride. The sulfuric acid solution was slowly
added (subsurface) to the ammonia mixture at a rate to
maintain the temperature below 0° C. (about 1 hour).
(Caution: addition of strong acid to strong base is exo-
thermic and spattering may occur). After complete
addition, the resulting mixture was stirred at 0° C. for 30
minutes. The resulting pH was 10. The resulting suspen-
sion was filtered and the filter cake washed twice with
tetrahydrofuran (600 mL). The filtrate was concen-
trated to remove tetrahydrofuran and extracted twice
with ethyl acetate (600 mL). The organic layers were

combined, concentrated to 375 mL and stirred well as

concentrated hydrochloric acid (12 mL, 145 mmol) was
slowly added. The mixture was concentrated under
vacuum at 45° C. (bath temperature) to remove water,
replacing ethyl acetate as necessary, until a solution
with a water content of <0.1 mg/ml was attained at a
volume of about 350 mL. The crystallized mixture was
allowed to cool and stirred at ambient temperature
overnight. The slurry was filtered and washed with two
bed volumes of ethyl acetate. The white solid was dried
under vacuum at 45° C. to afford 26 g of 6 (R=2-
methylpropyl) hydrochloride. The salt could be recrys-
tallized from water as follows: 6 (R=2-methylpropyl)
hydrochloride (25 g, 73 mmol) was dissolved in water
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activated carbon (Darco KB, 2.5 g) was added to the
hot mixture. After stirring for 2 hours, the mixture was

filtered hot (85°-90° C.) through a washed bed of Su-
perCel and the filter cake washed with 10 mL of boiling

- water. The combined filtrate and wash was allowed to

slowly cool to 40°-50° C. and held at 40°-50° C. until
crystallization occurred. After stirring for 1 hour at 55°
C. after crystallization occurred, the mixture was
cooled to 3° C. and aged for 1 hour. The resulting mix-
ture was filtered and the filter cake washed with cold
water (10 mL). The product was dried under vacuum at
45" C. with a nitrogen sweep to afford 21 g (71%) of 6
(R =2-methylpropyl) hydrochloride. This sequence can
be monitored by HPLC: column A, (I mL/minute,

35:45 0.01 M K>HPO4 in HoO:CH3CN, 240 nm) R

sulfonic acid, 2.37 minutes; (13), 6.34 minutes; (12),
8.54,minutes; tricycle byproduct, 10.17 minutes.
[@)s892¢=+49 (c 0.50, MeOH). m.p. 222° C. (dec). IR
(K.Br): 3350 w (NH), 2950 s, 2800-2300 w (NH>+), 1620
w, 1590 w, 1540 m, 1466 w, 1420 w, 1400 w, 1350 s
(802), 1340 s (SO3), 1300 s (SOy), 1160 s (§SOy), 1145 s
(SO3), 1050 m, 1020 m, 910 w, 880 m, 740 m, 700 w. 1H
NMR (DMSO-d¢): 69.82 (br s, C4NH3>+), 8.20 (s,
SOsNH3), 8.16 (s, C3H), 4.80 (br s, C4H), 3.94 (m,
CeHy), 3.83 (s, H20), 2.82 (m, CsHj, C1'H>), 2.15 (sep-
tet, J=6.6, Cy'H), 0.98 (d, J=6.6, CH3), 0.96 (d, J=6.6,
CH3). 13C NMR (DMSO-dg); §149.4 (Cy), 141.8 (C1y),
137.5 (Csg), 129.8 (C3), 51.2 (C¢), 50.9 (Cys), 48.3 (Cy),
23.5 (Cy), 23.7 (Cs), 20.3, 20.0 2 X CH3). HRMS (free
base, EI, 90 eV) Calcd for C;1HsN204S7: 338.0429.
Found: 338.0430.

Anal. Calcd for C11H19CIN204S3 0.5 H;0: C, 34.41;

H, 5.25; N, 7.30; S, 25.05; Cl, 9.23. Found: C, 34.55; H,

5.20; N, 7.21; S, 24.89; C1, 9.50.

Employing procedures substantially as described in
Example 34 Step E but substituting for the ketone 13
substrate and the oxazaborolidine used therein, the ke-
tone and oxazaborolidine described in Table IV, there
were produced the corresponding secondary alcohols

(50 mL) at 90° C. The mixture was well stirred and 40 in the enantiomeric ratios shown therein.

TABLE IV
0
|| Il
s S -
2 16
13
0 0 0
| W\ |

17 18 19

R Ar 9 14 15 16 17
CHy— CeHs 98:2 99:1 8§2:18  98:2 97:3
CHy— 4-F—Ce¢Hy— 97:3 84:16 B85:15 973 94.6 .
CH3;— 4-ClCecHy— 97:3 90:10 82:18 96:4 94:6
CHi;— 4-CHy=~CsHy— 96:4 B86:14  83:17  95:5 95:5
CH3— 4.CF3~=Cc¢Hs~— 0R8:2 955 88:12  96:4 96:4
CH;— 4-t-Bu—CgHy— 955 93.7 84:16  98:2 91:9
CH3— 4-CH O~CgHy— 97:.3 95:5 84:16  95:5 97:3
CH;y— 3-Cl—CgHy~— 96:4 937 86:14 96:4 98:2
CHz= 3,5-Cly—CgH 1= 96:4 90:10 80:20 92:8 95:5
CH;3;— 3,5-(CH3)—CgHzs~— 964 973 B6:14 964 97:3
CH;3— 2-naphthyl 96:4 89:11 B2:18 964 96:4
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| TABLE IV-continued
n-C4Ho=— CeHs— 93:7 964 8812 955 982
Celis— CelHs— 98:2 86:14 77:23 915 97:3
4-F—CcHg=— C¢Hs= 99:1 94:6 76:24  B88:12 973
4-Cl—Cc¢Hs— CcHs™ 08:2 87:13 72:38 86:14 94:6
4-CHy=CcHa— CeHs— 99:1 94:6 81:19 92:8 973
4-CH3;0=CgHs~  C¢Hs 97:3 85:15 7624 92:8 955
wherein:
10 nisltor2;
EXAMPLE 35 Ris
1) Cjaalkyl,
Preparation of - 2) phenyl,
(R)-(4)-5,6-Dihydro-4H-thieno{2,3-b}-thiopyran-4-ol- 3) phenyl substituted with one or more of:
7,7-dioxide (5) 15 1) halo,
: : . c £ TV ) ii) Ci.4alkyl,
To a magnetically stirred solution of 5,6-Dihydro iii) CF, or

4H-thieno{2,3-bl-thiopyran-4-one-7,7-dioxide (12) (1.00
g, 494 mmol) in dry THF (14 mL) was added (S)-
diphenylprolinol-borane complex from Example 12
(132 mg, 0.494 mmol). The solution was cooled to —15°
C. and a solution of borane-dimethyl sulfide (10M, 0.4
mL, 4.0 mmol) in dry THF (6.8 mL) was added at a rate
to maintain the internal temperature at —151° C. The
solution was stirred at —15° C. for 1 hour then at 22° C.
for 6 hours. The product was isolated by the method
decribed in Example 34 Step E. The enantiomeric ratio
of the purified product was 95:5. |

EXAMPLE 36

Preparation of (R)-(4)-5,6-Dihydro-4H-thieno[2,3-b
}-thiopyran-4-ol-7,7-dioxide (5)

To a magnetically stirred solution of 35,6-Dihydro-
4H-thieno|2,3-bl-thiopyran-4-one-7,7-dioxide (13) (1.00
g, 4.94 mmol) in dry THF (14 mL) was added (S)-Tet-
rahydro-1-methyl-3,3-diphenyl-1H, @ 3H-pyrrolo|1,2-
cl[1,3,2Joxazaborole-borane complex from Example 33
(144 mg, 0.494 mmol). The solution was cooled to
—151° C. and a solution of borane-dimethyl sulfide
(10M, 0.4 mL, 4.0 mmol) in dry THF (6.8 mL) was
added at a rate to maintain the internal temperature at
—15° C. The solution was stirred at — 15° C. for 1 hour.
The product was isolated by the method decribed in
Example 34 Step E. The enantiomeric ratio of the puri-
fied product was 99:1.

What is claimed 1s:

1. A process for the preparation of an oxazaborolidine
catalyst of structural formula:
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iv) Ci4alkoxy,

R! and RZ independently are hydrogen, Cj.3alkyl, or
joined together form, with the carbons to which
they are attached, a benzo group or a double bond;

Ar is
1) 2-naphthyl,

2) phenyl,
3) phenyl substituted in 3- and/or 4-position with
one or more of: |
i) halo,
ii) Ci4alkyl,
i11) CF3, or
iv) Ciaalkoxy;
which comprises the reaction of a diarylmethanol of
structural formula:

2. The process of claim 1, wherein the reaction is
conducted in an organic solvent at from about 10° to
about 30° C.

3. The process of claim 2 wherein the solvent is tolu-
ene, benzene, xylene or chlorobenzene.

4. The process of claim 2, wherein R! and R? are
hydrogen, Ar is phenyl, n is 1, and R is methyl, 4-
fluorophenyl, or 4-methylphenyl.

*x %X % x »
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